Abstract. Successional processes are an important element of commercial-forest ecosystems. They can be followed by studying the species composition of various animal groups, e.g. millipedes. Over the vegetation periods 2009 and 2010, we pitfall-trapped millipedes and centipedes (Myriapoda: Diplopoda, Chilopoda) on 21 Western German (North Rhine-Westphalian) deciduous and coniferous forest as well as fallow-ground sites of increasing age (1-165 yr) and determined them to the species and sex. Diplopoda (Latzel, 1884) significantly increased in numbers with ageing of the deciduous (beech) forests. In conclusion, J. scandinavius may be a suitable bioindicator of deciduous-forest succession. More data are necessary to transfer our results into a mathematical function describing the course of increasing J. scandinavius abundance.
succession-related development (Dunger and Voigtländer, 2009) . Topp et al. (1992) observed a frequent mix of synanthropic or eurytopic woodland Diplopoda (e.g. Polydesmus denticulatus, Julus scandinavius, Craspedosoma rawlinsi, and Allajulus nitidus) while their putative role as indicators of succession-related parameters remained equivocal (Scheu and Schulz, 1996; Dunger and Voigtländer, 2009) . Whereas "even soil invertebrates of similar trophic groups appear to respond very differently to successional changes" (Scheu and Schulz, 1996) , "myriapods are good indicators of biological soil quality and are reliable and easy to use" (Dunger and Voigtländer, 2009) . In the present study we report on the species composition and abundance of Diplopoda and Chilopoda over the run of succession in Western German (North Rhine-Westphalian) beech and coniferous forests (Douglas fir, spruce) as compared to fallow ground. Overall, soils were "rich" and predominantly consisted of loam. For the studied area, groundbeetle data were elaborated showing a constant size distribution of Carabidae, thus indicating rather modest differences in degradation Schreiner et al., 2011) . The basic aim of this paper is to analyze the impact of the different habitat types and age of the forest stands on myriapod assemblages. We predict a dominant influence of the habitat types. Moreover, we assume a change in the abundance of certain myriapod species with increasing age of the forest stands. We will especially focus on the positive relationship between the age of plantations and Julusscandinavius numbers brought forward by Topp et al. (1998) .
Effects may also be expected with regard to the sex distribution in different forest types. Our work, next to contributing to an overview of the millipede and centipede inventory of North Rhine-Westphalia Hannig et al., 2009; Decker and Hannig, 2008 , 2010 , 2011 , shall therefore help to identify possible bioindicators of succession in the subphylum of Myriapoda.
Materials and methods
In Western German forests (Ruhr valley between Herdecke and Hattingen, North Rhine-Westphalia), different successional stages were represented by 21 study sites of variable age (14 beech stands: 1-165 yr, 4 Douglas-fir stands: 1-30 yr, 1 spruce stand: 36 yr, and 2 fallow-ground sites: 23 and 30 yr; Table 1 ); all but the fallow-ground sites based on loam soil and had a history of forestry. They were studied over 2 complete vegetation periods (April-October each in 2009 and 2010) . Millipedes and centipedes (Myriapoda: Diplopoda, Chilopoda) were collected by pitfall traps (Barber, 1931) and occasional manual sampling (in order to complete the species inventory), and determined to the species. In 2009 only, animals were determined to their sexes in order to study changes in activity densities between males and females. For reasons of comparability, only the ground-trapping results were further analyzed and used as the data base for our Tables and  Figures. Three traps were placed in each site by keeping a distance of 5-10 m between individual traps. Boundary effects were avoided by placing the traps at least 20 m away from the site's edges (den Boer, 1977) . Smilauer, 2002), to describe patterns of faunal change and to get information about determining factors. Detrended correspondence analysis (DCA) was performed in advance to select the appropriate statistical model (ter Braak and Prentice, 1988) . Hence, CA was done using scaling on inter-sample distances and Hill's scaling. Dominance values of all diplopod species on our study sites were used. Species data were not transformed. None of the species or samples was deleted or weighted. Biplots on species and samples were created under species-weight-range adjustment in a way to leave 10 species with the largest impact on the results for display (ter Braak andŠmilauer, 2002) . Possible correlations between selected parameters (number of individuals, male/female ratio) and age of the stands were tested using the Spearman rank correlation coefficient (Sachs, 1984) as calculated using the SPSS 9.0 software package. Diplopod-sex distribution between forest types was analyzed employing the χ 2 test (Sachs, 1984) .
Results
A total of 5224 Myriapoda (5076 Diplopoda and 148 Chilopoda) were found in pitfall traps in beech (14 sites) and coniferous forest stands (5 sites) as well as on fallow ground (2 sites) in 2009 and 2010 ( Due to the small number of Chilopoda caught we focused on Diplopoda for further analyses: in the correspondence analysis (CA, Fig. 1 ), the first and second ordination axes together explained 52.7 % of the total variance (first axis: 31.5 %, second axis: 21.2 %). The first axis, with the fallowground sites located on the right-hand side clearly separated from the forest stands, indicates an important influence of the habitat type on the dominance of certain diplopod species. E.g. Cylindroiulus caeruleocinctus (Wood, 1864), which was found on open land only, is located on the far right-hand side of the diagram, whereas C. punctatus (Leach, 1815) and Allajulus nitidus (Verhoeff, 1891), which were hardly found on open land, are located on the left-hand side. The second ordination axis, however, shows recognizable separation with regard to the stage of succession, with the youngest beech stand and the coniferous stands located in the top part of the diagram. Accordingly, A. nitidus, which was not found in coniferous forests, is located on the bottom of the diagram, C. punctatus on the top. Julus scandinavius (Latzel, 1884) , known for its affinity to aged plantations, appears in a central position along the second axis.
As is depicted in Table 2 there was no obvious trend in most of Diplopoda species over the run of beech succession in 2009 and 2010, respectively. However, with regard to J. scandinavius numbers a significant increase was observed while forest stands grew older (2010 data: r = 0.775, p < 0.01). This relationship was even more pronounced when combining both years of observation (r = 0.949, p < 0.001, Fig. 2 ). Results were confirmed by looking at the dominance of J. scandinavius in beech stands in 2010 (r = 0.656, p < 0.05) as well as 2009 and 2010 combined (r = 0.932, p < 0.001, data not shown).
In analogy to Table 2, Table 3 shows the situation in coniferous forests (Douglas fir, spruce) and on fallow ground. Here, no clear trend was recognized with regard to different stages of succession, this includes the data on J. scandinavius.
Finally, when analyzing the sex distribution of millipedes in 2009 (data not shown) we detected a significant difference between fallow ground and coniferous forests with regard to sex dominance (χ 2 test: p < 0.01). In coniferous forests more male than female animals were trapped while females dominated over males on open land. In our deciduous sites (beech), however, findings were equivocal.
Discussion
Since we did not follow succession in several forest stands over a long time but used different stands of variable age over a 2-yr observation period, we had to check for site comparability beforehand. Although we could not trace all geological or botanical prerequisites in great detail -some sites were also frequently used for recreational purposes in our densely populated area -all our forest sites at least had, next to the 
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Latzel (1884) 1/14 -/-3/8 1/1 1/1 -/-1/10 4/7 3/3 3/5 20/24 8/4 7/11 1/25 loam-based soil composition, a common history of forestry and a similar size distribution in selected carabid species . The fact that our catching results more than doubled from 2009 to 2010 may be attributed to various (yet unexamined) beneficial factors effective over the previous years of hemimetabolous development. It may also be due to the rainy 2010 summer that possibly led to increased Myriapoda activity on the ground. According to our view, it had no relevant influence on the test statistics. The very low number of centipedes caught may be connected to the artificial forest structure usually found in commercial forests as Balkenhol et al. (2006) observed the absence of stenotopic forest Chilopoda in stands on recultivated soil. When supplementing our pitfall-trapping results by occasional manual catches (which should be intensified and standardized in further studies) we were able to detect one individual of Geophilus electricus (Linnaeus, 1758) in a 78-yr-old beech stand, which was a rare event for North Rhine-Westphalian forests.
In the group of Diplopoda, as was expected, we trapped mostly eurytopic forest species. The habitat-type preferences observed for some species not only match the literature data very well (Spelda, 1999; Hauser and Voigtländer, 2009) , they are also the most important factor influencing the formation of diplopod assemblages. In contrast to the situation in carabid beetles on the same study sites (A. Schreiner, unpublished data) , the habitat type has even a greater impact on diplopod variance than the successional stage of the habitat.
Our significant result concerning Julus scandinavius (Latzel, 1884) as a bioindicator of deciduous-forest succession confirms findings of Topp et al. (1998) , who mentioned already in 1998 that, after planting measures on postindustrial soil, a tendency of increasing individual counts was observed for J. scandinavius only. J. scandinavius also reacted positively to introducing forest topsoil (Topp et al., 1998) . According to our data depicted in Fig. 2 , however, it is impossible to judge on the underlying mathematical function by which J. scandinavius multiplies in ageing forests. Corresponding to the situation in carabid beetles (Schreiner and Schwerk, 2012) and many other biological models (Turchin, 2003) one could suggest that the underlying curve follows a logistic growth function, but a positive linear relationship between the age of beech stands and number of J. scandinavius individuals seems just as well possible when, e.g. suggesting a positive correlation between diplopod numbers and the amount of available carbon. Scheu and Schulz (1998) 
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Latzel (1884) - eluded to a formation of "carbon-rich topsoil in later successional stages" and pointed out a suspected accumulation of soil carbon due to the "occurrence of woody debris and recalcitrant leaf litter of beech trees" and conditioning by earthworm species of the upper mineral soil. According to Szyszko et al. (2003) , the increase of carbon content in the mineral soil of ageing forests may well be linear. However, more data (more sites or a prolonged observation period) are necessary to elucidate the complex interdependencies of certain diplopods and soil quality in deciduous-forest ecosystems. This includes the study of sex-specific features of different habitat types. In this respect, however, it is difficult to evaluate myriapod-sex data pooled from different species, because some species are -also a result of this work -highly habitat-type-specific. Larger numbers of individuals of selected species will be required for proper statistics. Pitfall traps may be biased with respect to displaying male-to-female ratios of arthropods. Changes of activity patterns (as observed by different proportions of males and females in pitfall traps) in relation to the feeding state have been previously shown for different carabid species (e.g. Loreau, 2001, 2002; Szyszko et al., 2004) . These changes may even be sex-specific (Szyszko et al., 2004) . Such changes in locomotory behavior may also occur in certain diplopods as our first results are encouraging.
In conclusion, Myriapoda catching results in Western German forests on loam soil increased markedly from 2009 to 2010 while Diplopoda were caught far more frequently than Chilopoda. Generally, the habitat type had a greater impact on the species variance than the stage of succession. Although strong fluctuation of abundance of many species occurred between the sites, Julus scandinavius (Latzel, 1884) may be a good candidate for a bioindicator of deciduousforest succession. More data are needed to confirm and augment these results.
